Three techniques used to capture burrowing crayfish were compared for efficiency and efficacy near Big Oaks National Wildlife Refuge. Excavation of burrows, Norrocky burrowing crayfish trap (NBCT), and burrowing crayfish mist nets (BCN) were simultaneously compared for capture efficiency and trap efficacy. Additional research goals were to evaluate patterns in capture rates with changes in seasonal activity, influence of burrow diameter size to capture success, relationships between differences in morphological characteristics of species and capture success, and capture success and habitat quality. Excavation caught significantly more burrowing crayfish than the other two methods (40.7%), but the NBCT (5.2%) was not significantly different from the BCN (4.5%) in trap efficiency. The relative percent efficacy success adjusted for effort of each method was 2.61% for the NBCT and 2.24% for the BCN. Positive correlations between habitat quality and increasing NBCT (r s ¼ 0.414, P ¼ 0.023) and increasing BCN (r s ¼ 0.447, P ¼ 0.013) trap efficiency success were found, while no significant linear relationship (r s ¼ À0.134, P ¼ 0.479) was observed between the Qualitative Habitat Evaluation Index score for habitat quality and excavation success. No significant correlation was observed between NBCT (r s ¼À0.273, P ¼ 0.144) or BCN (r s ¼À0.286, P ¼ 0.125) and annual date; however, a significant linear relationship was observed for excavation (r s ¼À0.372, P ¼ 0.043) and annual date of collection. Individuals of Cambarus (Tubericambarus) polychromatus and Cambarus (Lacunicambarus) species ''A'' that were collected were significantly different in size; however, this was not a result of gear bias. A positive correlation was observed between C. polychromatus size and habitat quality indicating longer lived individuals occur in higher quality habitats.
INTRODUCTION
There is continuous reformulation of sampling and study methodology in an attempt to maximize the efficiency and outcome of scientific investigation. Therefore, it has been common practice to examine previous techniques and find ways to improve procedures. Regardless of method efficiency, methodology assessment is needed to demonstrate the efficacy, seasonal differences, and potential method bias. Previous burrowing crayfish method studies have focused on efficiency (Norrocky, 1984; Welch and Eversole, 2006) , without consideration of efficacy. Hobbs (1942 Hobbs ( , 1981 categorized crayfish habitat patterns into guilds based on burrowing characteristics. Primary burrowers are seldom found in the aquatic environment spending most of their life in or around the burrow; whereas secondary burrowers often occur in the aquatic environment during wet periods, but will otherwise remain in burrows during inactive sedentary periods. Tertiary burrowers remain in the aquatic environment continuously, but will construct simple burrows for reproduction and to escape freezing and desiccation. There are a variety of methods used for capturing crayfish; however, most methods rely on capturing species from the aquatic environment. Using existing sampling approaches, only a portion of the crayfish species, i.e., tertiary and secondary burrowers, will be captured. This is one reason why primary burrowers have proven to be the most difficult habitat guild of crayfish to study.
Several methods are used for inventorying primary burrowers; however, few studies have compared the efficacy of these methods (Norrocky, 1984; Welch and Eversole, 2006) . Excavation is an effective extraction method; however, it is a demanding task in terms of time and effort, as well as, potentially destructive of the burrow and adjacent stream bank reducing method effectiveness for repeat ecological studies (Simon, 2004) . Additional burrowing crayfish sampling methods include visual night searches (Hobbs, 1981) , vernal pool traps (Taylor and Anton, 1998) , a plunger method (Simon, 2001) , the Norrocky burrowing crayfish trap (NBCT, Norrocky, 1984) , and Welch and Eversole's burrowing crayfish net (BCN, Welch and Eversole, 2006) . The latter two are beneficial because they require little effort and still leave the burrow intact, making it possible for ecological and habitat studies involving mark and recapture to be conducted. Norrocky (1984) stated a 13% success rate using the NBCT, while Welch and Eversole (2006) reported a much lower value for the NBCT.
Other studies done by Johnston and Figiel (1995) and McGrath (1994) reported no success using the NBCT. Welch and Eversole (2006) reported a significantly higher capture rate for the BCN than the NBCT.
There are several commonly encountered primary burrowing crayfish species in southeastern Indiana including Cambarus (Tubericambarus) polychromatus (Thoma et al., 2005) , Cambarus (Cambarus) ortmanni Williamson (1907) , and Cambarus (Lacunicambarus) species ''A'', a new form of Cambarus (Lacunicambarus) diogenes (Girard, 1852) that is currently being resolved by Thoma and Simon (T. P. Simon, unpublished data) . In addition, several secondary species and tertiary burrowing crayfish species would likely be found, including Orconectes (Crockerinus) propinquus (Girard, 1852) , Orconectes (Rhoadesius) sloanii Fitzpatrick, 1987 , and Cambarus (Erebicambarus) laevis Faxon (1914) .
The primary objective of this study was to compare capture success of primary burrowing crayfish based on the NBCT, the BCN, and excavation methods in order to document trap efficiency and efficacy. For the purpose of this study, efficiency is defined as the number of individuals collected using an equal effort of each method, while efficacy is an adjusted value that takes into account the number of individuals actually present relative to capture opportunity and effort. Additional research goals were to evaluate patterns in capture rates with changes in seasonal activity, influence of burrow diameter size to capture success, relationships between differences in morphological characteristics of species and capture success, and capture success and habitat quality.
MATERIALS AND METHODS

Study Area
Thirty tributary streams of the Vernon Fork of the Muscatatuck River, Ohio River drainage, which flows through the Big Oaks National Wildlife Refuge (NWR) were randomly chosen for this study. Big Oaks National Wildlife Refuge is located just north of Madison, Jefferson County, Indiana, USA, which is a 20,234 ha refuge that spans into both Jennings and Ripley counties. The streams were all tributaries of the larger Big and Graham creeks and included 19 sites off-refuge and 11 sites on-refuge. Big Oaks NWR contains the largest contiguous block of forest and grassland of southeastern Indiana, which provides habitat that has been intact for nearly 60 years.
Study Design and Collection Procedures
This study was conducted from mid-August through mid-October 2006. A total of 804 burrows were evaluated using three burrowing crayfish capture methods, thus a total of 268 burrows were evaluated for each method. At each site, active burrows along a 50 to 100 m length of stream bank was marked using survey flags. Active burrows were determined by presence of a chimney, a mound of fresh mud around the hole, or a burrow entrance clear of debris and any spider webs (which indicates abandonment) (Simon, 2004) . Thirty burrows at each reach were identified, so that each method was represented by 10 observations. However, because of the limited number of active burrows at some reaches, this goal was not always attainable. If thirty burrows were not found, then the number of burrows was divided equally among the three methods. The three collection methods were randomly chosen using a random number generator (Urbaniak and Plous, 2006) to delegate methods to each burrow. Before traps were set or burrow excavation occurred the diameter of each studied burrow was measured. The NBCT and BCN effort was based on a 48 h trap set. Upon retrieval, traps and nets were removed and trap efficiency was based on successful captures. Individuals collected were placed into containers labeled by trapping method and preserved to determine identity, sex, and body morphology characters. In order to estimate trap efficacy, twenty sites included a post-trap excavation of the unsuccessful NBCT and BCN burrows to determine whether the burrow was occupied. All successful post-trap burrowing crayfish captures and spots were recorded. To compare method success with size of burrow and to account for any burrow size bias, we measured the internal burrow diameter in mm.
Trap Construction and Deployment
The Norrocky burrowing crayfish trap (NBCT) was constructed following Norrocky (1984) and Welch and Eversole (2006) . Three different diameter, 1.270 cm, 1.905 cm, and 3.175 cm, PVC pipe was cut into 30.48 cm long segments to form the body of the trap (Fig. 1) . After drilling two holes 1.27 cm from the end of the pipe, a #14 stainless steel wire was twisted into a W-shape to make a trap door that was longer than the diameter of the pipe, which sat at an angle when placed inside the pipe. A PVC coupler was placed on the end of the pipe in an effort to prevent dirt from clogging the hinge. And finally, because Norrocky (1984) had found no relationship between open or sealed pipe ends, duct tape was placed over the end of the trap so that burrowing species would not be disturbed by light or predators. Traps were deployed by inserting the open coupler end into the entrance of the burrow. Mounds of dirt or a chimney surrounding each burrow was removed before insertion. If the burrow was too narrow for the coupler to be easily placed without accumulating a large amount of dirt in the trap entrance, the opening was widened for the first few centimeters of the burrow by pressing the dirt back using our fingers. Capture of a primary burrowing crayfish was accomplished when an individual would climb into the NBCT, pushing the trap door wire out of its way. The wire door would then pivot back, trapping the burrowing crayfish in the pipe. This method is a passive, inverse pitfall trap requiring the burrowing crayfish individual to move from the chamber into the chimney and through the trap door.
The burrowing crayfish mist nets (BCN) were modeled after Welch and Eversole's (2006) burrowing crayfish nets (Fig. 1) . Using avian mist netting, cut squares that measured approximately 25 cm 3 25 cm were then folded over upon themselves several times and part of the bottom layer was dragged through the center and attached to a wire survey flag placed on the outside of the burrow. These nets were then placed into the entrance of the burrow. This method is a passive entanglement approach relying on active movement by crayfish.
Excavation of burrows were usually done using bare or gloved hands; however, if the soil composition was too compact or rocky, a collapsible shovel was used (Simon, 2004) . To catch primary burrowing crayfish, the method requires excavation of soil around the burrow until the water table is reached. Then, after some disturbance of the underwater chamber, the crayfish will surface and there is an opportunity to extricate the individual. If a burrowing crayfish surfaced but eluded capture, it was recorded as a successful spot. Captures and spots were combined into an ''observed'' category.
Habitat Quality Assessment
Habitat quality was determined at each site using the Qualitative Habitat Evaluation Index (QHEI) (Rankin 1989 ). The QHEI uses a variety of qualitative indicators to assess habitat quality. These include substrate composition and siltation, stream shape and human alterations, riparian habitat, depth and velocity, and riffle composition. A numerical score is given to each category and a total QHEI composite score is summed that ranges between 0 to 100 points. A high QHEI value (. 45 points) indicates a stable, healthy, least-disturbed habitat.
Morphological Analysis
Each crayfish collected through the various methods was identified to species and various characters measured using a set of dial calipers following Hobbs (1981 Hobbs ( , 1989 . Measurements (to the nearest 0.01 mm) included carapace length, post-orbital carapace length, body length, chelae length, chelae width, dactyl length, propodus length, and pleon width.
Statistics and Data Analysis
SPSS was used for all statistical analyses, with the exception of chi-square analysis; a for all tests were 0.05 (SPSS 2006) . Method success was compared using a chi-square of heterogeneity; but not all assumptions could be met because we rejected the null hypothesis based on site data while others failed to reject. Method success was determined using chi-square analysis of the total observations and used subdivision with a Yate's correction to isolate the offensive value and to evaluate the inoffensive values.
In order to obtain a value we could compare to Welch and Eversole's (2006) capture success, a relative percent success accounting for effort was calculated for each method by dividing the total number of successful captures (observations for excavation) by the calculated total number of trap nights (e.g., total burrows for each method, n ¼ 268, multiplied by the number of nights between placement and collection, n ¼ 2 for a 48 h period, therefore total number of trap nights ¼ 536); this was also calculated for Welch and Eversole's results.
The efficacy of the NBCT and the BCN was found by calculating a percent success for each trap at each site by comparing the number of crayfish captured by the NBCT or the BCN with respect to the total crayfish captured for each method after post-collection digs. For example, if only one crayfish was caught in the NBCT and only one was extracted in a post trap excavation, the trap was 50% successful. If no crayfish were found, that site was omitted for that particular method. Because normality could not be obtained, a MannWhitney U test was used to compare the NBCT and BCN efficacies.
We correlated QHEI habitat quality with each capture method, but because capture method data did not meet normality assumptions even after transformations, a Spearman's Rank test was used to obtain r s . QHEI was compared with species identification to determine if habitat had an affect on species presence, which would affect distribution. Date of collection was converted into annual dates to determine seasonality effects. A Spearman's Rank correlation between the date and the capture method was done to test time of year and trapping success. Differences in burrow diameters were compared using a Kruskal-Wallis test to determine relationships between capture methods and burrow diameter. Burrow diameter failed to meet assumptions despite transformation attempts.
To analyze the influence of body size and morphology, measurement data were transformed using inverse tangent to normalize, with the exception of dactyl length. A two-tail Mann-Whitney U test was done for each transformed measurement to evaluate potential differences between C. species ''A'' and C. polychromatus capture and patterns with seasonality, habitat quality, and method efficiency and efficacy. Data that failed to meet transformation assumptions were compared using a two-way analysis of variance (ANOVA) on the normalized measurements. This allowed comparison of specimens by each capture method, including post-collection excavations and species. A two-way ANOVA was done comparing between species morphometrics and NBCT, BCN, and Excavation method results without correction for efficacy. To compare the non-normal dactyl length measurement by trap method, we used a Kruskal-Wallis test and then conducted an additional two-way ANOVA between species separated by NBCT and BCN with their respective post-collection digs. Although tests were run using all morphological characteristics, post-orbital carapace length (POCL) was decided to be the best representation of size since it is one of the more reliable measurements (no dependence on damaged rostrum acumen). We analyzed correlations with the morphometric data and the QHEI to determine relationship between habitat, size, and body characteristics of each species. Finally, a chi-square contingency table was used to see if capture technique success was dependent on species.
RESULTS
There were 135 burrowing crayfish observed in the efficiency study comparison of 268 burrows (n ¼ 30 sites, total ¼ 804 burrows) (Fig. 2A) . The number of burrowing crayfish captured significantly deviated (v 2 ¼ 136.58, P , 0.001) from a uniform distribution between capture methods. After method subdivision, the BCN and the NBCT showed no significant departure (v 2 ¼ 0.04, P . 0.05) from an even distribution. The excavation method was the offensive value, significantly deviating (v 2 ¼ 134.41, P , 0.001) from the 1:2 ratio of excavation success to other method successes. The percent efficiency of method success was 5.22% for NBCT and 4.47% for BCN (Fig. 2B) , and 40.67% for excavation.
The trap efficacy study yielded 87 burrowing crayfish observations, which included post-trap excavations of 187 burrows per method (n¼20 sites, total¼374 burrows). When we compared the translated percent success for each site by method, there was no significant difference (U ¼ 113, P ¼ 0.964) in capture efficacies between NBCT and BCN (Fig.  2B ). Residual differences between collected and excavated individuals were lower in BCN than NBCT (Fig. 2) . The relative percent efficiency success adjusted for effort of each method was 2.61% for the NBCT and 2.24% for the BCN, while the overall percent efficacy of the trap methods showed 48.3% for the NBCT and 37.5% for the BCN. The percent success corrected for effort for Welch and Eversole (2006) study was 0.59% for the NBCT and 2.94% for the BCN.
A comparison of burrow diameters at 13 sites showed no significant difference (H ¼ 0.683, P ¼ 0.711) in burrow diameter and capture success between the NBCT (1.597 6 0.678 cm), BCN (1.596 6 0.788 cm), and excavation (1.560 6 0.731 cm) methods.
No significant linear relationship (r s ¼À0.134, P ¼ 0.479) was observed between the QHEI and excavation success based on Spearman Rank correlation analysis (Fig. 3) . However, a linear relationship was observed between the increasing QHEI habitat quality and NBCT (r s ¼ 0.414, P ¼ 0.023) trap efficiency success, as well as, between increasing QHEI habitat quality and increasing BCN (r s ¼ 0.447, P ¼ 0.013) trap efficiency success. No correlation was observed between excavation efficiency and habitat quality, but more crayfish were collected by traps in higher quality habitats (Fig. 3) .
No difference (U ¼ 2457, P ¼ 0.894) was observed between the species of burrowing crayfish collected and QHEI habitat quality using the Mann-Whitney U test. The size of captured burrowing crayfish, based on postorbital carapace length and QHEI habitat quality found that only Cambarus (Tubericambarus) polychromatus showed an increase in post-orbital carapace length (r ¼ 0.270, P ¼ 0.018) with QHEI habitat quality. Cambarus (Lacunicambarus) species ''A'' did not show any relationship between post-orbital carapace length and QHEI habitat quality.
Three Spearman Rank correlations were analyzed to compare each capture technique's success and annual date (Fig. 4) . No correlation was observed between NBCT (r s ¼ À0.273, P ¼ 0.144) or BCN (r s ¼ À0.286, P ¼ 0.125) and annual date. However, a linear relationship was observed for excavation (r s ¼ À0.372, P ¼ 0.043) and annual date of collection. While excavation success declined over the study time frame, seasonal change did not affect trap success during the time period of the study.
Non-parametric Mann-Whitney U testing yielded significant differences (Table 1 ) with all body measurements between the two species. Cambarus (Lacunicambarus) species ''A'' was larger than Cambarus (Tubericambarus) polychromatus for all morphometric body characters. Even though a size difference was found between the species, a contingency table analysis of capture success by species showed no relationship to capture success (X 2 ¼ 0.32, P . 0.05).
The two-way ANOVA for all capture methods, including post-collection excavations and species identity, showed that differences in size were attributable to species and not traps or any interaction between the two ( Table 2 ). The two-way ANOVA, done for just the NBCT, BCN, and excavation methods yielded marginal differences due to species identity if a ¼ 0.10 (Table 3 ). The Kruskal-Wallis test for the dactyl length, showed no differences between methods including post-collection excavations (H ¼ 3.949, P ¼ 0.413) and the basic three methods (H ¼ 1.243, P ¼ 0.537). The two-way ANOVA used to compare the morphometric data between NBCT and NBCT-dig and species showed that differences were only caused by species (Table 4) . However, there were no differences found for the two-way ANOVA comparing BCN and BCN-dig and species. DISCUSSION Excavation was the most efficient method in capturing burrowing crayfish, while NBCT and BCN were significantly less effective (Fig. 2A) . The equal effectiveness of the NBCT and the BCN was not anticipated given that Norrocky (1984) had reported a 13% success rate with the NBCT and Welch and Eversole (2006) had stated success rates varying between 0-50% for BCN. When percent method success was adjusted for effort (Fig. 2B) , we observed greater efficacy success with the NBCT than reported by Norrocky (1984) or Welch and Eversole (2006) , while our BCN efficacy was similar to reported values by Welch and Eversole (2006) . Welch and Eversole (2006) stated that trap effectiveness would be largely dependent upon the surface activity of the burrowing crayfish species, therefore variation in behavior between location and species could account for observed differences in results. Welch and Eversole (2006) worked with Distocambarus crockeri in South Carolina, while our study focused on C. polychromatus and C. species ''A'' in southeastern Indiana. The BCN method required entanglement of crayfish in the gear in order to passively capture individuals. Many species of burrowing crayfish in the southeastern United States possess a greater amount of tubercles and spines (Hobbs, 1981 (Hobbs, , 1989 ) than do northern burrowing crayfish species (T. P. Simon, unpublished data). As a result, the BCN may not be an efficient gear in capturing smoother bodied northern burrowing crayfish species. Another possible explanation for increased efficacy with the NBCT may be that our study was conducted from August to October, whereas Welch and Eversole (2006) and other studies have been conducted in the spring. Additional studies would be necessary to confirm if method efficiency would decrease in spring for NBCT or if our reported patterns would be observed. Since our results were similar for the BCN, we suspect that seasonality between spring, summer, and fall periods do not affect the performance of this method. Based on our results, BCN would be a better choice than NBCT for long-term ecological studies considering the non-destructive sampling need, its ease of construction and deployment, and higher capture efficacy for seasonal studies.
The analysis of burrow diameters yielded no significant differences in capture success and burrow size among the three capture methods. Burrow size did not influence method efficiency or efficacy capture success. This was expected since burrows were randomly selected in the field trials. The relationship between QHEI habitat quality and NBCT and BCN shows a positive relationship between healthy streams (QHEI score . 45) and burrowing crayfish capture. This may imply that burrowing crayfish found near higher quality, healthy streams are more active, leaving the burrow more often in a 48 h span than other burrowing crayfish near lower quality, less healthy streams. Because there was no significant correlation between habitat quality and excavation success, it could be surmised that a crayfish's potential for being captured is not dependent on habitat quality.
No effect was observed between capture success of the NBCT and BCN as the season progressed. We did not observe a linear relationship between annual date and either of these two trapping techniques. This was unexpected, because it was believed that activity would decrease as temperatures decreased. A comparison of excavation and date yielded a negative correlation, which could be a result of crayfish retreating further into their burrows as the season progresses into fall, therefore decreasing capture success. However, our study did not take into account daily temperature variations during the sampling period.
Morphometric comparison between species showed that captured C. species ''A'' was significantly larger than C. polychromatus. Distinct size differences were only attributable to natural variation between species and were not a result of disproportionate effectiveness between the two trapping methods. Any difference in size was due to species characteristics only as affirmed by an additional two-way ANOVA analysis done between the NBCT/NBCT-dig and species comparison. Therefore, there were no morphological differences causing sampling bias in the traps. Likewise, no significant interaction between capture method and species was observed. Based on contingency analysis, the capture method success did not depend upon species; thus, difference in size between the two species did not affect trapping success.
When we combine the distinct size difference between the species, and the uniform distribution of species among capture methods, the question remained as to whether or not habitat quality had any relation to the species body morphology and capture success. Correlation analysis between each species morphometric data and the QHEI resulted in no relationship between the body morphology of C. species ''A'' and habitat quality. However, several morphological characteristics indicated a relationship between C. polychromatus and the quality of the habitat. Although weak, a positive correlation was shown relating body length, carapace length, post-orbital length, and chelae width to increasing QHEI habitat quality (Table 1 ). This suggests that the more healthy the environment the bigger the burrowing crayfish, which could suggest that longer-lived individuals are present or that competitive exclusion occurs between large and small individuals.
In conclusion, burrowing crayfish capture is influenced by whether active or passive sampling techniques are used. Excavation techniques were significantly more successful in both efficiency and efficacy than either the NBCT or the BNC; however, for long-term ecological studies excavation techniques are not a feasible option. Higher efficacy rates were observed for the NBCT than reported by Norrocky (1984) and Welch and Eversole (2006) . However, similar efficacy for the BCN was seen in this study as reported by Welch and Eversole (2006) . Although this study was conducted during the late summer into the fall season, similar BCN capture success patterns were observed as reported during spring seasons in other studies (Welch and Eversole, 2006) . Differences observed in the capture efficacy between the current study and previous studies conducted in the southeastern United States is attributed to differences in species morphology, behavior, and activity. Seasonality affected the excavation method capture success, while having no effect on either the NBCT or the BCN capture success. Body morphology of northern burrowing crayfish shows a distinct relationship between the two primary burrowing species; however, this is attributable to natural species differences and not trap bias. The influence of habitat quality showed a direct relationship between increasing rate of capture success and increasing habitat quality. This may be a result of increasing burrowing crayfish density in areas of increasing habitat quality. 
